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(54) THERMOSTABLE PYROGLUTAMYL PEPTIDASE AND ITS GENE 
(57)Abstract: 

PURPOSE: To obtain the subject new thermostable 
enzyme, having specific thermostability and useful in the 
field of protein engineering without requiring the 
culturing of a microbial cell at a high temperature by 
using a thermostable pyroglutamyl peptidase gene 
according to a genetic engineering technique. 
CONSTrrUTION: This new thermostable pyroglutamyl 
peptidase comprises an amino acid sequence expressed 
by formula I or a part thereof and is capable of holding 
about >95% residual activity when treated at 60** C for 
60min and useful in the field of protein engineering such 
as the specific liberation, etc., of the pyroglutamic acid 
residue at the N-terminal required for carrying out a 
method for determining the amino acid sequence of a 
protein or a peptide having the N-terminal protected 
with L-pyroglutamic acid according to the Edman 
method. The enzyme is obtained by culturing a 
recombinant prepared by transducing a recombinant 
plasmid containing a gene capable of coding the 

thermostable pyroglutamyl peptidase having a base sequence expressed by formula 11. 
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(54) [^igcD^ii:] mi»i4tfDi/;w^'5;i/'^:7'5"^^-i£Ry^-€-«)ae^ 



(57) [wmi 

(DmnySi^^m^ lxi^^ wm^ pg„ isPG^n-K 

^©i4^t4PGiie^$^*$-t+/i^B}S^^^X5 K$ 



(2) ^^A^mW- 7-2 9 8 8 8 1 



[is*ii 1 ] 6 0 "cv 6 0 'Ammm Ltzt^mo s'^ 
u±<D^W7Sit. ^iSkt^Lxi^i>z t^^mtt^ mmn 

C»*il4] iS5iJS(DiE5iJS-^2-c-a?;h.-i)±gSiS 
5iJ. Xli-£-ro-SP^W-r*c:<!:^!f#Sti:-r^ilS*ia3i: 

b'iie^, 

[O O O 1 ] 
[0 0 0 2] 

mm$tl^Ztf3^^l\ Zti^(0. N 3^4gA< L - f P -5^ 
icii-tcD*^ -c?(ix K-7 J;^^ 5 / MlEW^^ii 

-til*. Ctie>a)^>/<^7S'^'<:^5^ K(DT5y3RSS<75L 

— :t:? /\*-1':l-'ir = x K 'J— (J. Biochem.) , 
miOl^, m217~223M (1987) . H 
106 m383~388M (1987) J , if 4^flf 



;u ij-y— ^ =1 = a.— -y— ->a >X (Biochem. Bioph 
ys. Res. Comn. ) . S81#, II176--185H (1 
9 7 8) ] XI*/<-9^;UXTSP'J->X7t->X>X (Ba 
cillus amy I o I i quef ac i ens) ft3|t(DPS Ci?-^ — "^/U 

/N'-<:i-tr5X h 'J— , mS 114 6 7~4 7 

6H ( 1 9 7 8) D ^3!)<fi)'itLXfcy, Ct753*,/\^;u 

X T5PU^7x:7rvx>xEb*0)Bmlc-Dl^Tl*a 

f'i) (!t#Fj^¥5 - 1 3 7 5 8 2-§-) o -SI >/^-:7M 

x^a):/p-fexicfijffl$^t^r^P5^T— tficii, Mi^m 
B&*<D»^©M®;SJtii5 o°cf^jfiic&y. iS^miie 

[O 0 O 3] 

^^y^-y-;?. (Pyrococcus furiosus)|c<-tS$:^X'SJiff^^ 
$H-5*<. c*tt.a>iffSft®J:yep-:^;u^is;u^:^5^y 

m(t^tj:mi&:f3mt Lriiise^x^wjEfSit^jiA^ii^ 

imt± t° P -^'^u ^ 5 ;u '< :f ^ ^— tf 2i i;i$B^ ^ a — K 
■r^iHE^^^ti/l^iie^=-^fflL>-5ffiiilfii±t°Pi7';u^ 5;u 

^^-4f rosiit:^,^ ^aet-r ^ 0) T , 

[0 0 0 4] 

mmom i ©^ejii, e o°c-c6 o^^rdiffliSLfcii^^tr 

'mz(D%mt, % 1 <7)^B^cDWf^l4t°P':7;u^i =;u--;3f 

©1H5IJS-^1 -e^$*l-i)7 5yKiB5iJ, XI*-f-<D-Sp-e 

feoT. A^oHSftt±fp^'';u^ =;u^^^y-HfB^S 
14^ ^-r-S D N Aie5iJSU:iB5iJSfl)iS5iJ§-^ 2 T^S^^t 

-r^, *fEBJ(7)||3(75^B3(i, X||M^d:illji:^;±lcg| 
m2<7)^B^roit<=^^^=fr$i±fclU§^::^^x5 h* 

[0 0 0 5] *f|B^#f,li, Wf^t4lrS:Hfct°P^';u^ 
S-iU'^T^^-S!*— tf^?#i)fr(ftlct°Pn -^/^bX 7 y;j-i^- 
X DSM3 6 3 8 <fe y t: P^7')U^i 5;i''<:^^5''— If 5 
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>^'>i;?)<fcy. m7L\t. eD=i^y:tjX TfCr^-tV (Pyro 
coccus woesei)S3ltCD::^;u^:^—- iziSe^ (S8Si^§a9 
2/0 2 6 1 4-^) (iCCO:&;i(Cj:y?i»$+tfco -fiS 

rcfcy::*;^^j:DN AST>n (3 5-5 0kb) ^SJ#T'^S 

^ ij e □ <f}\^9 H ifStt * 

-r^=ixa K':7P->^<^^-r'5-<*:iCcfc«';> ep^';u 

CD ^ >/ (7)^ $#t; ^ -< -tf- h ^ iSKf «)Xg ^la^ 
i±fco co-gcD^-r-tf— hi*> =3X5 K::^P5"-<>^ 

(=. ?iiffi*(D^>/'?^^(Ccfcy/\'^y^^"^'^> K'\t>S^ 

[0 o 0 6] *^0^#b(*. ep=»^>:bx :7U^-t^x 

^"^U^ 5>!U^7^^y— tf;5t±^7Ft-|ft<lcD=3X5 K-^^n 

*vi)H^14ep^';u^ 5;u-<7f5^y— tfilG^^^^-r 
-5iteiFffin<DjgSiE5iJ^;*SL. ilB?Sfit±t°P^?*;u^» 5 

if^=3--K^^Mia^;*:SL. ia±!^l=fc 
t^TMflfttt e □ 0')^^ 5 tf ^:^a(z^5g-r 

i>im7Lz^=y7.^ \'(Dmm^'n-ofz. *^B^%^iiis^ 

^X5 KlCcfcyjf^Se^LfclSS^^^ffll^TSrJg^fiHSS 
(::. ;$;^0^#^i^t=PP^:>';bx 7^ U :^-t^X(0@{*^lS 



[0007] ccDnxs K::^P'x-r >^-r3^^U 

-$*iJffiLf-S§3K^P-->^7;^li. i£^-rLtifc?>f** 

T(rcfcy^cD/£SIi:£S^tL^o 15«J^li:*:^0fl#bl*i^ 
:^;£^ffiu^r i=p=3 *v:^x^ U:^-9-xd&*(D::^PT'7— 
■t^CT::^^'rK T>K x>/nV p>> >^;u^-f 

P/N-f ^Pv— (Appl. Environment. Microbiol.). M 
56 mi992-1998M (1990) ] 

r tl^T^^PT-T— If ^p- K-r*ite^cDmii^iit<?fy- 

[0 0 0 8] :^nm\'%^mm'&\du^*)\.^^)\.^zrj' 
tfite^ii. $?^scDae^^-r :?^y— (0x^7 y 

--><7|rcfcyi#^Ci:X)<T*#4o JmSi: LTf±t"P 

X 37ypf-y-x<7)>!7-v AcDPXs K^-<:^^y— cfcy s 
fi^c/)itG^^x^ y-^^^x. }#«>c:i:/)<T'^^o e 

pzi'^'^X :7y:^-9-Xi: LTIit"PP'>:^X V')-^ 
•9-X DSM3 6 3 8*<^slffit?^. K-f *:/5^ 

h '>x;u-^;u^:i^ U>Gm b H (Deutsche Sammlun 
g von Mikroorganismen und Zellkulturen und Gnnb 

H) cfcyA¥Wtg'SM^*r*fc?>o 

[0009] t'PP'^^lX 3?y:ti:^X y^ACOPX 

5 K^-f y— li. epp':/:t^x:7y;i-y-x^V AD 

N A$^$!)ISB^S a u 3 A I (S>lag^±S!) XU-'T^m^t 

LT^#btL/zDN A^M-^t hy ::^;u^y ^>'^x=3X= K 

^<7^- (Xh^^i/->ttM) <!:^^-<y-v3 >L 
/c^. >d hP/^v^-v>-:7';il::J:-3T^Ay^T 

:;^^SDH5MCR (BRLttS2) ^ff^SlE^-T^C^ 

tel^{*^iSSLy-^. gftSfiS (1 0 0°c. 1 O'AW . 

m^-^mm. mmmm d oo**c. i o^j^m) ltpx 
5 K::^p^-<>^^:7^y-^ ur. ^#^tlfr^-<if— 

Sep^';u^ 5;u/'v^- hP7~y K (p y r - p n 
A) ^SS^ Lrx<7 y-=>^7-r*Ci:;!)<T'#*o Z 
;KlcJ:y. ±IBcDf^5aS(citttCDeP':7;u^ 

tf^^Ji^^. imttt:py;u^ a^U'^^f^^^*— if 

Hi::. C<75cl:5lcLTf#b*Lt-=3X= K^P-> 
(7>1 0;bN'il@S?Lfz=3X5 K^BamH I (S:>liitt 

p UC 1 18 (SSigaaif) a)BamH I hlC^A 
Lfc*Ha^3f^XS K^^^SSL. iS^^xa K^3AL 
fc;^Bi®JMl09 (S>13tnS) ^iS^Lf-^. 
if- h4'<7)»IS»t4e'p^f;u^ 5;u^3f^^'— tfSti^a'l 
^^i>:it\z^^). ^jgLfct'p^Vu^ 5;u^:^5^y- 
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mz^=p>^^ Kli::^^xs K p p g P i ^Fttt 
-So mi d:/^^^ Kp PGP 1 O^JJRgPmiiiilil^^ 
■To 

[0 0 10] Mi::p PGP 1 lcoL>-cmffl^lCDf»JISP^ 

Big jM 1 0 9 ^jf^siciftL. zti^mm^ni^mz-D 

I > T Mf^t± e p ^';u ^ ^ ;u ^ y — tf ;^tl ^ *r S 

= KpPGP1^Xbal (S>lit?±S{) >N^bLT^b 
;K^J:^2kb(7>DN A^)^^. p U CI 1 8 0) X b a I tf- 

-< hic^ALrf^iiLtr:^^x5 Kl*::''^xs Kp pg 
pzt^^^*i. cn^3A$ttfr:^fliMJMi 0 9^ 

L T t# ^tii,i^m^(D^ ^ -tf — h (iw^tt e P 

^ tfStt^^-To E12ic:;^vxs Kp P 

GP2a)*fJ[gBfRi&gl^^-rc Ml::. iST^^xsKpP 

GP2^H i n c I IT'>^^1b^. T :b''P-X^*>lUam;7lclfi 
[sJllX-r-So CCODN AWii^ P UC 1 1 8(Z^-fy— V 

a>LT»t>tifc*aift:^::^^xs K^::*^S1MJM1 0 9 

p PGP3 t^«s?*iri>i)o msiz^cDmrnmrnitm 

[0 0 1 1 ] Mlw. Kp PGP sA^bHlftttt*' 

P<f;U^i 5Jl.^:/^y-4f3te^^"&*^fU^3K)1kb(DD 

NAm)^^^X(D^'^izm<ztt<v^i>o^u^-^. p 

PGP3^XhoI (SSittt^) ^U^S a c I 
3t1±^) >M^bLTi#»b4x^$^1kb(;)X ho I - S a c I 
St>t'^ K^-:?^ — p UC118(DSalI-S 

a c I+f-^ hCl^ALfc^. AfliSJMI 0 9(CafAL 

K^ISS-r*o Kl*:^^;^5 Kp pgp6<1: 

Kp PGP6r'fl^MlEj^^^fc:;^BiSJMi o 9(* 
Escherichia coli JM109/pPGP6 t^^. S^^tt. X 
«}iirrlS±^JXi^xmft?f&W3SF/rl^ PERM p - i 3 
8 9 4 <h LrSrE$;KTt^^o ^^X^KpPGP6(Z 
iWX^^Xl^^mo. 7kbp N Agfr>!ra>i^Si£^iJ^ 

[0 0 12] ffimi±fp^';u5» lf$"*:fi 
ic^Jg-r-S/ri^tDT^^^XH K^::^^X5 Kp PGP 6;^)^ 

(Dmm-^AlZTjk^Tt-'J zS^<7 U5j-^ KpPGP6-P 



^-tL. KpPGPe^sli^tLrpCR^ 

N5i^dg^a- \^-ri>t%7Lib*i^mi^<Dmm\zMmmm 

Oral cDl2|gi£^>J^^ALfc. z^t ii <D ^ V-CD 
IB^iJ ^ I^^SI^ o D N A BT)t ^ ii1@-r * C (i: ;{)^'-e ^ -So 
m^^titzi'^-^ O 0bpa)DN A®T>T-^ D r a I RlSX h 
o I VmitL. Zf'yT.^ K'<^?$i — pTV 1 1 8N 
jlitttSS) CDN c o I ~S a I I -tf^r hlZfiALT. X 
mmJhA 1 0 9(C»ALr. i#»bixt-=3P~— CDH^t± 

fci3P--cfcy K^PIS?-r«»c Kii 

= KpPGP? <t^«^Ftiri>'5o Slsic-^-cD^tJ 
PIB^itbrn^^-Tc Kp PG p VT'ft^Mlcife* 

*Lfc:fc8iSJM1 0 91* Escherichia coli JM109/pPGP 
7 ci:^p«$*tTl^-5o Kp PG P 7|r»A*^x 

ri^^$^0. 6kbp(7)DN AK>!rCD^SiE5iJ(D— SP^iS 

l**«B-B J: o Ti# 1^*1 ?)iiHf^14 e p ^'^u^ s 3f ^ 

tf3fie^<D10iJCD^*K^iJT'fci»o iSlBJiJ*. 
11-^1 #---6 1 4#A<eP=3 ^v:^X:7 iJ:t-t^Xd^*CDia 
^ij-efcy. 6 1 5-6 3 9#A<:^^Xa Kp T V 1 1 8 

§-^2IZ^$H'i>iSSi£?»J(7)5^.i^»§-^ 1 -6 1 2S 

-to rtJ:t>^mm(Dw^^m^^\t:^MBJ^iz<^'Dxm^ 

[001 3] ^f-. p PGP 7IZi±$5LT<:l:y:Sl^ai:h'^ 

CD p p G p 6- p T v:ri/m 1 3 :^^-r V— M4 ^ 

-fV-tL. KpPGPS^filMtLrPCR 

■r-5$^1 kbp <DDN AW^t^iilS-r^o ISffiT>i^ D r a 
I ^l/H 1 n c llT'j^lbL. K^':7^-p T V 

118N(0NcoI-Hinc I lit^ hlcjf AL. XSi 

SJM1 09lzaSALT. ^#e>^ifr p P --(DiiH^I* f 

=ipzi-j:y ::f^xH K^tH^^^So iS^f^xs K[i>^ 

KpPGP 8 i:^«$4xTt^'g>o li!6l:z-?-(D®Jiig 

SsStfeS^^'^'o :^^x= Kp PGP s-eff^SisJftStt 

f-:^^®JM1 0 9(i Escherichia coli JM109/pPGP8 
^^«*tiTt>'5o MI3±IB:^^x= KpPGPS^A 

p a L I Xl/H i n c II T';^1b LT« y tiJ S^K^J^ 0 . 

3kbp (DDN AK^^•^I8y^a^T^#e,i^fc:/^X5 Kl* 

pPGP9lJ:^&«^^^Tl^So :/^XS KpPGP9(D 
*Jliggmife@$lil7|C^Ff o Kp PGP 9T'ff$ 

nHik^^tz:Kf^MJl^^ 0 9\t Escherichia coli JM 

io9/pPGP9 t^^. a^F^n. xm^m^±^oL^^m 

ftffiW3E0Tl3 F E R M P-14207t LX^Pt^tl 
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ri^^c KpPGP9|r}¥A$tuTL^>&i^:^6 7 

O bp(0 D N A KitCOi^aiSJiJ ^iS^iJSCDifi^iJS-^ 5 \Z7jk 

5ir^$tt^^SiB^iJOJgSS-§- 1-6 2 4S^T:C7)gP 
;b iS?'J S CDia^iJ S-^ 6 (z cfc o T ti -5 14 

[0 0 14] Escherichia coli JM109/pPGP73lIiEscher 
ichia coli JM109/pPGP9$-ii^(Dtg«^1i^. m^li^ O 
O g/mlOTl/t^vU >$-#t;2 X T YiSt-fe ( h 'J :^ 
h> 1 6 g/'J h;u. SSx+x 1 O g/'J 
NaCI 5g/>j*>h;U. pH7. 2) 4". 3 7*^07? 

m*L^±m^mmmmtL. mmm:m^ oo°c. i o» 

[0 0 15] Escherichia coli JM109/pP6P7^tS^$t7 

-tf(7)B^^fi& (1) <^:LTe^^b^M. ^Ll/S^b^^^Wtt 
n^mi^Lfzo ^tcEscher ichia coli JM109/pPGP9lZO 

I'^xmmzmmm^u^mmL. mmm& (2) tLxm 

[0 0 16] :^nBM(Dmm^)za^*)\^^ ^)i.y<zf^^- 

-tf iiG^ ^^ig-r ^zt\z^^)mp,^i>Mmi±tza^'j[. 

P=J*>±i;^ Tf.^-^f-^ DSM3 7 7 s^JiStftgJi^ 
<tt-r:^^o t:oz}vi3:^m<Dm\^(Di^m\z^'oX\t. 

m'^. immotmizmi^i^ti^yjiimmxt. tst* 
mmv&i>o ^tzmtiiitmmcD^in^^Ajvi^tjii^mM 

Ut^itt<m^L<. i$igt1fe^fflL^^^I^. ®i*:(DlgJll*5t 



^mm^^ m^t^ zt\z^i)m^ i^sti-r -set t<x # 

'So tS«(c^o-cii. SfMi$»X(i;6>< (i^iS3r'^T3 
Ztt)<X^^t<. W^li?#S¥4-5 0 3 7 5 7-%^#S 

^;tP V— . m55#. Il2086-'2088M (19 
9 2) fcieecDcfcaJ::. Sflftg«;^^^t^rtcfct^ - 

mf^xmm^ e p <7';u^ = tf 

^s^^-r^o im^mt. s^mt^mw. tst^mfsaz 

izfs:^J:olzm^-t^<D\tmmxh^o 
[0 0 1 7] K^14eP'57';u^ tf^tlSx 

W(Dm^y5iiitLx{t. mni&m^. tf—xm^. mm 

mm^tfa^^ji.^ tf^ttdi-r^c 

mm<Di&tiiit^m'timmz^^xmtiA 

t^p A^< LT^#^H/zfIg^;^;bNb(H^1*eP^';U^ S 

ju^zf^^'—^^mm'ti>iz^^x\t. mnommcDm 
m\zml^i^Hi>y3}i^s^mx^^. m^it. ^.^rn^rn 

:7>r— . p-7 h^'^T^^— ^(7):S;S^*fi'&# 

xmmx^^o 

[0 0 1 8] :*:^B^%t,(^ePzi*v:;3X :7U:f-9-X 

DSM3 6 3 8^i$SL. mt^m^^izmm^^^ u 0^ j\. 
^ ^j[^^y^^*—'^tm^n>zt^mmLfzo tui^ 

hu::^h>i%. BSx^^xo. 5%. aij§t±-x> 
1%, ixA'^U >S • V U K (v-WJ>^7p^ 
hU— ) 3. 5%. v-v-7'J>s • 'j + ^v K (v^v^U 
:>'^5lC^hU— ) O. 5%. MgS04 O. 0 0 3%. 
NaCICDO. 001%. FeS04 • 7 H2 O O. 
00O1%, C0SO4 0. 0001%. CaCl2 " 
7H2 0 O. 0001%. ZnS 04 O. 0001 
%. CuS04 • 5H2 O O. 1 ppm . K A I (SO 
4)20. 1 ppm . H3 BO3 O. 1 ppm. Na2 Mo 
04 • 2 H2 O O. 1 ppm . N i C I 2 • 6 H2 O 
O. 2 5 ppm CDM/£:6<tgiib 2 'J h;U^2 »J h;U^CD 
^^^^M.7fshMzAtl. 120"C. 20«'Pb1SSL^c 

mm:h'7.^^i2<^mnmm^mi^LtzW:. zti\z± 
lBM^*^^^flLr9 5°c. i emm%mimLfz. 

ik. m'b^Amiz^-oXmi^^m^fzo ^S<*^5 0mMh 
U;^-HC I (p H 7. 8) lc!g;lL. JS-giSffl 

m\z^i)m{^^m^Ltzo mmi^m^;^^m>b'AWtLm 
m^Ltzo mmm& (d . (2) jri; (3) (Dssib 



(6) 



7-2 9 8 8 8 1 



[0019] ( 1 ) ft m 

L-ea^'^u^i ^>Sg-p- - hOT-'J K (P y r - 
pNA) ^An7K$J^jgL. StfeifeiK (P- - hPT<J- 

H K-4->^;U':7^g > (p y r -MCA) ^^DTK^i- 

(AMC) ^±fiE-r*o Ml::, — □^>v>xi*:7 

[0 0 2 0] (2) g^Sti;!)^:;^;* 
±5EL/cBmffiB°n (1) . (2) ^IK (3) a>14Mm+ 

\Z 1 mMCDP y r - p N A. 1 OmMCDD T T ^^t;5 OmM 
•j>^:^hU^AlS^iIiS (pH7. O) 5 00u\^m 

7 5°cr*i s^ArnRJt^-^fzo *;'^Lr3isii8S5% 

ii^f-Scfc^ClS 0%KK^iD^rSlS^f?jhL.- 4 1 O 

molea>p--hPT-'J>S^^-r^S^S^Lfcc » 

m^ip°p (1) . (2) RlS (3) (i;IiJSS:K/cpH7. 
O. 7 5°C(ZfcL>-CP y r -p N A:W^S;St4^^Lri^ 

^i^L. ■^CDia*4;§j^l" 2 O /i I IZ 1 mMCOP y r ~ p N 
A$-^t;5 0mM'J>^-:!-hU't?Ai^®;'^ (pH7. 5) 

1 OO/i I ^iip^. 9 5°cr3 0:^^rp1jSJt>^-t±/to yK/Ti 
LTSJS^ffjhL/c*. 4 1 Oninlzfclt-S8i3tS^ai)S 
L> P-— hPT-U ><7)^/SM^*y)/co Pyr-M 

CA (^:/5^KP5£pAai!{) ^mmtLx^(D'Amiii± 

2.0 u \ iC1fnM(DP y r - MC A^^t;5 OmM'j 

h 'J 't? Aji'ig;^ (pH7. 5) 100// 1 ^*nx.r . 9 

JSie;fi:g3 8 Onm. ;Sf|S;fi:g 4 6 0nni(Zfclt*S5t 
?t^^;I')^L. AMC(D*«a^*4r)fco H^im^li 
9 5°Clzfcl^r 1 ^^FellC 1 ju moi eCD A M C ^*/5£-r -SP 

mm.t\^tzo mmm& cd , (2) (3) liiijs 

$:tvfcpH7. 5. 9 5*'C^Cfct^TP y r -MC A^Jfil 

1 0 Opmole (D— iL — P7'>v>Xfi:7-f -lif^ s 
^t;5 OmMU >S$:^ h';'t7A^®;a (pH7. O) 19 
7. 5/i I (-|*^^#t;|5t*4;*§;^2. 9 

J^rE;ScD~g|J^7 5ySi»Sr(ctitL. ifiSiLfcTsyS! 

^^^«fLfco S^^iD°n (1) . (2) (3) liSJl^ 

^F;txfcpH7. 0. 9 5^ClZfclNr~zL — v>3^ 

(i:? ^ -9-^ = >o N ^iigcD f p ^-^u^ ^ >iS^i®gtt-'i> 



[002 1] (3) ^Jl;gg 

J^;^^T-^tco B^^a (d . (2) ^i; o) i^ss 

IZjF-rj:5lcai|^$;tlfcp H7. OlrfclxT. 3 7"C-' 
1 O 4^C(D|EHT';Stt;?)<fcU. -?'<7:>M®;agli8 5*'C- 
9 5°C-C&^fco ll8liB^1fB°D (1) . (2) SU: 

(3) (DSigsjs^Tj^-riHTfcy. mm-t^ny^^m 
m^ip°p (1) . m3tiFn(iB^«fii (2) . +EniiBm« 

fi, (3) (D^^^^^TT^-To 
[0 0 2 2] (4) MiSp H 

'5»S;*§j«^P H 4. O'-e. OlrfclNTI^ 5 OmM<7X 

h U O Ai^lii;^. pH4. 0-5. 0(r^sL^rli 

5 OmMKK h±U't7AJg1g;«. pH6. 0-8. Olzfc 
L^T(i5 0mM«j>K:^-hU^Aji^l;«. pH8. O- 
9- 6{CfctNri*5 OmMTTv^lS^ h UOAi^^JS. ^fz 
pHIO. 2-10. 9lCfcl^T(i5 OmMU >§^7X^^ 

fflL/io S?^^D°p (1) . (2) -ElIS (3) l*{i]9T':^ 
"Tcfc^lc. pH7. Oi^35-Cg:*;:;St4^7FLfco ^9(i 
g|^<lp°„ (1) ^ (2) 5.1/ (3) (DMSp H^Ti^-rS 

r-fcy. sa$ft(*tB«;5ttig (%) . lattiipH^^-To 
Ei^^fiAFPf^gm^p^p (1) . m^mtmmms^ 
(2) . +En(iB^^p°p (3) cD#*gs^7F-ro 

[0 0 2 3] (5) ;gSS^t± 

1. smiicDP^^^t; 1 OmMDT T. 5 0n^U>it:^ 
h'J't7A pH7. 0;^;^^6 0"c:5^l/7 5*'CTfi>i7<D 

;li|SLfcc 01 0(z^-r<fcaicB^Sp°B (1) . 

(2) , (3) 1*6 0°C. 3 0^ra<;)fflS^'X?l*9 5% 
ia±(D;St4^«J#LTfcy. 7 5°C. 1 5 O ^i^Fe^CD^aS 

I$IS9 Oo/o(D;St4^(SJ# Lrl^fco Hi 01*:$:^ 

m\z^^)m^icihmm^ffn (d . (2) . o) 
(1) . n^iEpiiB^tip^o (2) . +En(*Bm<ip°p 

(3) 0^;li|S$gmT*fey. fifiJSlieO^'C. Illffili7 5 
[0 0 2 4] (6) p HSSt4 

O. 7 5^{i(7)B^^^tr 1 OmMD T T. 5 0mM(D^p 
H(D^1B;«^7 5*'CT-3 0»rafflSLtrft. ^O-^^ 

H4. 0-6. o^cfcl^r^i^7x>^:^ h •j't^A. ph 

4. 0-5. 0|-fcl>TliitK:^ h y •^A. pH6. O 
-8. Olzfcl>ri*y>K:^hU'^A. pH8. o- 
9. 6lCfcL^TI*7tx^^:^ h 'J '>'A. pHIO. 2-1 
O. 9lr^^L^TI*•>l >ig7K^:i± K U 0A-7X^^ki- h 
'J^A^^;K^*4xffll^f-o mi 1 ICTj^-Tcfc^lc. Bmtf 

aci). (2). (3)i*pH5. 0-8. 8(Dra-e 



(7) ^^*#g8¥ 7-2 9 8 8 8 1 



(i7 5"C3 0»rela)^ii^*,8 0%m±CD;St±^«l#L 
(1) . (2) . (3) CDpHS^1±$7r-rElT-&y. 

Amtmmmsh (d . nj^iEPiiB^tis?, (2) . +w 

li^^:^p°o (3) (7)^;I')S*gm^:?F"ro 
[0 0 2 5] iU±. P«BlClttBJLfcJ:5lC. 

yHSatten^'^u^ ^f;RI/KS^^z3- 
^)\.^zr^^—ifmB^izm^umm^m^zt\z^ 

[0 0 2 6] 

T(Dmmm(o^m(DMzm^^*i^'t(Dv\ttjii\^ 

[0027] HJSfifiJ 1 

(fozi :7'j;*-9-;^ A D N Ac;)||il§!) e 

pa*:;^x :7g7l-t»-;^ dsm3 6 3 scDlSSliiaT 
co<tfcyfc^To/zo h'j7^h>i %. nex^Fxo. 5 

"SI;*§t47^>>^> 1 %. VA'^ U >S • V U 'V K (v 
•VVJ h'j— ) 3. 5%, v-VVU>S-U^ 

K >^7fC^ h 'J— ) O. 5%. MgS04 

O. 0 0 3%. NaC 1(7)0. 0 0 1%. F e S O4 ■ 
7H2 0 O. 0001%. C0SO4O. 0001 
%. C a C I 2 • 7 H2 O 0. 0 0 0 1%. Z n S O 
40. 0001%. CuS04-5H2 0 O. Ippm 

. KA I (SO4 ) 2 O. ippm . H3 BO3 O. 1p 
pm . Na2 M o O4 • 2 H2 O O. Ippm , N i C 

1 2 • 6 H2 O 0.2 5ppm <DMjS;()<tSift 2 'j *v h;U 
2 'J ^> h;U#CD> T^-T OA/K h;HcAti. 12 0^0. 

2 0'Am^mLtz'ik. M^:tfX^R^iA^;§#^^^^^ 
Lfc^. C;tx(z±lBBi*^mfflLX9 5*'C. 16B#Pe1ll 

'J^l^ftSi*^ 2 5%X^7 D— X^#t;0. 0 5M hUX 
-HC I (pH8. O) 4ml(Cfg;SL. C(7)^;S;^(^ 
O. 8mI(D'; V^^— A [ 5mg/ml. 0. 25Mh'JX- 
HCI (pH8. O) ] . 2m\(D0. 2M EDTA^ 
iJD^T. 2 0°C-e 1 B^fa^iSigLfc^. 2 4m{<DSET;§ 
;S C 1 5 OmM NaCI. ImM EDTA. 20mMh'J 
X-HCI (pH8. O) ] ^iJP:^. ElZ5%S D S 4 
ml. 3^D-T^-^— tfK (lOmg/ml) 4 O 0 /i I ^iD 



jttl3. 2mgCDyy ADN A^iaULfco 

[0 0 2 8] Kz^PT^-O^-r (7)ft 

iJ) tPa^^'^iX :7^j7|-t^X yyADNA400// 
g^S a u 3 A I r^gPtH-i^ibL. Sg^DlEJSia'LsilcJ: 

3 5--5 okbizit-rx^j^HLfco 'Ad. hy::^;u^ 

y 'V^^XaXa K^<7 5i — 1 g^BamH I ;3<bL. 
±ie^^li$+tfc3 5-5 OkbCDDNA ^ AO u g<i:;l'& 

(X h^^' v->ttS8) ^mi^fz^> fhP /^vy 
— v^^^'^iiCcfcorepp *v:bx :7y:t-9-x >trVA 

flSMDH 5 aMCR^ft^MfigiL. ^-f ::^^5y-^iaiS 
Lfco ^#•infc=lP--(Da^>|[fc^@^il^-c=3x^ 

m^ts:::K^^(DiWXm^fi<&^zt^mmLfz 

CD*,. i@SJLfr5 0 0<i(DziP--;!)N^,eS!j|cJf^MfElft 
1 O 0 iL/ g/rnKDrvt'^^y ^^-^t; 1 5 OmICDL 

Bi^t^ ( h y ^ h> 1 0 gxy h;u. iisx+xs g 

/'y^>'h;U. N a C I cos g/'j h;U. pH7. 2) 
mMhyx-HCI. pH8. O ImllrS'SL. 100 

^c-ci o'AmmmmLfzo mi^^xm'Si&.mm^mK m 

\zto-m^ oo"c. 1 o^^remffiJlLfco itii>^c7)± 
met LTtf i^;K'5^'r-tf~h^=3XS K:/p^-r>^^ 
::?^y-i:Lfco 

[0 0 2 9] (W^t4ep^"';u^? s;u^::^^^*— ifite 
^^#C;3XS KcDiStR) ±iBcDzix= K3^Pi^^>^ 
^:^^y-A>f>^-<-tf-h2 0/i iro^ty. S5iSL 

fcS^?Sttli]S:^?ilCfitor9 5°CT'(DP y r - pNA 
-^myi^^RlfP y r -M c A53^P;514. n^L — a^vt^ 

>Rxsy ^^iz^^^'Amm^m'^L. ep^* 
^u^ tf;Sl4^}to2o<DPXS K^^p— 

[0030] C^^X^ Kp PGP 1 (DtlHSJ) 

^ if>St4^l#-^2-z><7)zix^ p-> 

a)-:^^COl^TZlXS K^lglSL. BamHUN^bUfc 
^. Zf^:^^ K'<^^ — p UC1 1 SCDBamH I "tt^ 

§ JM 1 0 9lZ^ALfc^. ^ 00 u &ym\(DTly\ziy 
y >^^t;LB::^L/-h±lc^^. ffiiJLf-n pn-fc 
OINT 10 0// g/ml(D7>t"vy >^^t;5mlCD L B 

5 OmMh y X-tgi$Siffi;-S (p H 7. 5) 5 O I 

icssL. loo^^c. 1 o»PB^fa^la^l^^Tofc*. ts^ 

J:oT®i*^5^5$Lfco SCiti 9-g> 100 
^c. ^ o'Amcom^m^ViiK ii'L> LT ^-f-tf- 

-if>St4^;1«l:^L/'-o ■r?S*:>*»2 O/i ico^^-b'-hlci 



(8) 



fgfW7-2 9 8 8 8 1 



mMCDP y r - p N A^WT^ 5 OmMU ly^-T h U ^Ajf 
(pH7. 5) lOOx/l ^i)n^. 9 S'^CV 3 0"^ 
PBlSr5*1+fco 7K;tLrSl£^<?JJ:Lfc*. 4 1 Onmic 
fc(+'&qR7feJg^;l')^:Lp-:=^ hPT-U 

-<fcy K^iSSiL. Kp PGP 

[003 1] (^^Xa Kp PGP 2<Dmm) ±mzf=y 
X ^ K p P G P 1 |rOL^r X b a I CDtJJKfiM ^1@'<. 
Ell lr7Ft-*JKS^ifeEl^i#/-o CCDfiJIgH^tfelD^a 
lC3|:tl2kb<DX b a I Bfin^:^^X5 K^^^-p UC 1 
1 8(CX b a I +1-^ h^?tJfflLr}?AL/ro CCDMS^^ 
C^'^XS JM 1 0 9(za9AL. aiIgL/c=ia 

T^^x^ KpPGP2 <t^« L/co 1I2IC3^^;;^S Kp 
PGP 2(7>*)Kgg^i1bH^^-r„ 

[0032] C^^XHKp PG P 3(7)i@S!) ±IB>^^ 
x^KpPGP2$^Hinc ll>^^b?^> T:b'p— xy;u 
^^;7lctt)^^TiN. S:ij4. 3kb{;)D N A^>^r^r:^'p— X 

L. aiigL/'-apzi— (rol^Tl^^a(D::^;£■T?t'*p^•;^^ 
s^U'-t^^^y— tf}Sti^i@-</co WHfitStP^^^u^ = 
^:^^y-4fS14;!)<^i^?,*Lfc=JP--J:y K 
^laSL. Ctt^:^^XS KpPGP3<t^«Lf-o B! 
3(-:;^^x s Kp PG p 3CD*JPEBmti!iSl^7F-ro 
[0 0 3 3] {^^7.^ Kp PGP ecDUaS) -ttfi::^^ 

Kp PGP 3^X h o I . S a c I ;^-fbLTf#t)*t 
f-SKlO. 7kbCDX h o I - S a c I St>i$ K^ 
^^i — pUCI ISlCSa I I-Sac I +h>r h ^ViY^ 
LTafAUyio C<7)iSim;^:/^X5 K^::A;fli®JM1 O 
9l3^ALtco ai^KLfcrjp-— lc-^l^rH^Jaa):^;^T' 
K^iSSiL. Kp PGP 6 
«Lfcp ia4(c:^^xs Kp PG p ecDfiJlss^tfegl^ 
KpPGP6-c?ff^KfE}^$tifc::^Si® J 
Ml 0 9li Escherichia col i JM109/pPGP6 g 

P-1 3 8 94i:LT^i^$ttTl^'5o ±IB::^^X5 

Kp PG p eizJiA^^KtcHiatifp^'^i.^ 

tliaeT$-#i;S:l3 0. 7kb(7:>D N A^M-^a>^(D$l] 

— p UC 1 1 8\ZVy<7 0 — -ly^*Lfz'i^^ 

>iC7)llSiS?iJ^;^^Lfco ^SlH5«JcD;*Sfi BcaBestv 

i>^^=^iy}t:{Z^i)'n'z>tzo 1^ D N A Br >t CDigSffi^iJ 
^D-gi5^iSfija(Di£^iJS-^3lC7F-ro 



[0 0 3 4] {Mm^tfOO-'jl^^ ^)\.^zr^^^-{f^X 

^ P C R ^ fijffl LfraJ(i4#MM^^«A;4 13^ y L 
fco i4l^t±t'p^";u^i s;u^^^^r— ifoN^ig^zj- 
K-T'Sih^^^j^t-S^lilEcDitBdlc^iJISSmD r a I OS 
liiE^«J^^AT'#^cfc3lciSi+Lfc. iEjmoiSJiJS-^ 
4 iZijk-t^ U P 3^ ^ Uvt-^ KpPGP6-pTV ^^/S 
Lfco CCD:i-'JPr3^^?U:*-^K^M1 3::^^>rv— M4 
^Zf^-C?-. 3f^X=KPGP6^» 
g^it LTP CR^^TtV C^tXbCD^^-f-^-CDiS^iJ^fS 
iM(ctO$tj7 O 0bp(D2*igDN A^^iSLfc^. Zti 

r a I . X h o I T'iSlbLfce K^ 

^7^— p T V 1 1 8 N^N c o I jg^bL. > 
^T-^F^V h (SSatttM) ^ffiL^r^3S^¥;t^bL/'-^^C 
Sa I I>N^bL. C^X<tBtji£!iCDtlJ|3gBm>^^bL/cPCR 
SJ^^^-<y-va>Lfc^. ;^Si® JM1 0 9lc#A 
Lfcc i#b+ltzPP— — lrOl^r. Htli$CD:^;£T'eP^* 

tj -i/^xs K^PML. c:tL^::^^X5 Kp P 

GP7 <l:^iS L/io Kp PGP 7T'ff^Kfijft? 

*lfc:^fli®JM1 09$ Escherichia col i JM109/pPGP 
7 <»:^« Lfro Kp P G P 7 icjf A ^ tiT l^^ 

ii;^J 6 4 O bp(7) D N A ffi>^-(;)^SiS^ij ^fJiliO:^;* (zgo' 

f-. iB5iJS-^2(D^SlB^Jl -6 1 2S(7)gU»A^f>HI^ 

[0035] (::^^;^sKpPGP 8CD4i^) ±mLtz 

Zf3-{^—p PGP6-pTVi:M1 3 y=y^^—hAA 
^Zf^^^ — tL. l^pPGP s^mmtLfz 

m 1 kb(7)2^mDN A^^^L/z^. C^X^D r a I . 
H i n cWvmitLtzo -^5. Zf^T.^ K^^^-pT 
V 1 1 8 N^N c o I ;N^bL. ^5S$^;f ^b L frit. M 
IZH i ncllj^ibL. C^X<tBtJiti<D§y[Sg«>^1bL/cP 
CR^*5D^$^'<>f— V3>L/c^. ::^fli®JM1 09 

ic^ALfco ?#b*T.f-p p~-^=•^l^TBuin^D:S;^T't• 
p^';u^ s;u^::^^y— tf;S1±$DI-<. ;S'tt;!)<i2^^b:h. 
/cpp~-cfcy K$-iiS?L. ctL$::^^x^K 

p PG P 8 (!:^« Lfco lil6lc:^^X^ KpPGP8(D 
[0 0 3 6] (::^^x = Kp PG P 9(Dm^) ±15^^ 

X^KpPGPS^ApaLl {'^M&\±m 'M\\L\^tz 
a)*,DN A^KJas^^it^bL. Mi:iAcclll (^;littt 
Si) >i^b»7:b*p-x>f;uma»l!i$iTiv ^J^SILfcili^i 

4 O ObpCDA p a L I - A c c III Kit ^ T P — X ^ 
;uJ:y{°liftL/co :/^X a K p P G P 8 ^ A c c 

III ~H i ncll ;^<b^. mvLm^^o 

Obp(DDNA©f)it;g^LT^-fy— v3>$?TtV 



(9) ^^^^tPjfW 7 -2 9 8 8 8 1 



P 9lZcfeyj|^Mi^^^*T-/c;*;fli® JM 1 0 9\t Escheri 
chiacoli JM109/pPGP9 m^r:^^. XSttlSIS 

i^x^xmatriw^eF/ric ferm p-i4207t 

[0 0 3 7] T^^xa Kp PGP 9lZ}^A^;t^Tl^'5)$^ 
6 8 ObptDDN AK)^lCOl^r. mi&(Dy3)i\zmCX O 

-6 2 7SA<$I±I3 KVT'feSo 2 7 

[0 0 3 8] Escherichia coli JM109/pPGP7 Xli 

Escherichia col i JM109/pP6P9 ^ 1 0 0 g/mlO^T 
>evU>^^t;2 X T Yi^ilh ( h ' j h > 1 6 g/'j 
V h;u. iiex::^x 1 o gx^'j *v h;u. n a c I 5 g 
/'j^>h;U. pH7. 2) 3 7°c-eigSL. iSSSI 

t^S^JllStfco Escherichia coli JM109/pPGP9 

\z^i^xmmzmmm&^m^L. mmm& (2) tL 

[0 0 3 9] mi::. hU::^h>i %. Bexr^xo. 5 
%. ■5I;m4T'>::^> l %. 'j >s • v U y K ( v 

>^7fC^ h'j— ) 3. 5%. i;^vU>S-'J + 
K (v^V'J >37t?^ h'J— ) O. 5%. MgS04 
O. 0 0 3%. NaCICDO. 001%. F e S O4 • 
7H2 0 0. 0001%. C0SO4O. 0001 
%. CaCl2 •7H20 O. 0001%. ZnSO 
40. 0001%. CuS04-5H20 O. Ippm 

. KA I (SO4 ) 2 O. 1 ppm . H3 BO3 0. 1p 
pm.Na2Mo04-2H20 O. 1 ppm . N i C 

12 ■6H2O O. 2 5ppm CD*fi^CDigti!i2 'J h;U 
^2') -J hJi.mO^'r^OJ^TfKhMZXtl. 12 0°C. 

Ltz'ik. t''P=3*>:bX T^'J^-tt-X DSM3638$- 
|gfiLT9 5°C. 1 6^rBlgfSi$«L/-Co t^S*. 3l'£> 

'Amiz^r>xmw^misbtzo msi*^ s omMhux-H 

CI^Si;S (pH7. 8) lz?JSL. JS^;J$5aii(- cfe y 

mit^hmLtzo mm^mm^^m'L-'AmLt(o±m^ 

mmm^n (3) ^ Lri4^14ep^*;u^ 5;u><::f^y- 



^tiB°p (1) . (2) SI/ (3) coemibi^ifi^jRi/S^b 
[0 0 4 0] (1) <^ m 

L-\in^^)[.^ ^ l^m- P h OT—'J K (P y r - 

pNA) ^m?\^m^L. n^mm (p-::ihaT-u 

» i±fS.Ltzo ^tz. L-e*Py;U^ S>K-7-7 
5 K-4-^5^;U^^'J > (P y r -MCA) ^JiDtK^' 
fi?L. ^3tSgfeiK!lM7-T^-/-4-'>T;U^"7'J> 

(AMC) ^*/$L/--c Ml". -iL-n^^v^xii:? 

[004 1 ] ( 2 ) mmiii±m^y5}i 
±^Lfzmmm^u (d . (2) :&i>' (3) cdi±m«ii* 
lcfcL^Tli. mmz^mLfzmmm&(DunM}&5 u \ 

iCImMCDP y r-pNA. 1 OmMO) D T T 5 OmM 

'Jty^i- h^JOJ^mm^ • 0) 5 00/il^^D 

^. 7 5"CTM ^^ATS^Jt^ittzo 7K;^Lfc$^;I^5% 
<h?j:^<fc3l3 3 Oo^ffffi^iD^TJ^JC^^iLL. 410 

m^ynt^fzo mm^mmti s^cfrfc^Nr i ^D^reiici 

mo!e<7)p--hPT~'J>^*lS-r^Bmai:L/zo P 
^*ip°p (1) . (2) SI/ (3) li;M^*tLf-pH7. 
O. 7 5°CIZfcL^TP y r -p N A$^fi??S'tt^^Lrl^ 
fco PX^ K^P^-rv^^^^^'J-OX^U— zi>>/ 

*g?L. -?-<7)iS?4?§;a2 O ji/ I lC1mM(DP y r - p N A 
^^t;5 0mMU>K:hh'JOAjiffi;^ (pH7. 5) 1 
OO^ I ^*D:^. 9 5°CT'3 0:h^FB^JSiJ:$1±/ro 7K:f^L 
rJSJS^ffihUfci^. 4 1 Onmlrfclt'SqRTfeJg^jl'lS 
L. p-^ KPT-U><7)^iSa^*i^fco Pyr-M 
CA C^::^^ KP5ERfr^±Si) ^SMt LT 

20 u \ \Z^ mlhCDP y r -MC A^^tS OmM'J 
hU't^AJglSiS (pH7. 5) 1 O O// I $AP:^T. 9 

^. 1^$B;JS5:3 8 Onm. ;IiJS;^:^ 4 6 O nmizfelt^^Tt 

^m^m^L. Af^c(D±fS.m^j^^tzo mm^m•mt 

9 S'^Clcfclxr 1 ^ATillz 1 /imole(7)AMC^^fiJc-r^B 
mS<b:Lfco MmmSh (1) . (2) (3) liffl^ 

^tifzpHl, 5. 9 5°ClCfcL^TP y r -MC A^^^ 
;St±$-^Lri^yco ::^JL — P^>v>. Xlty^-^'y^ 
> KW^SmttSS) ^SMi:LTiiHSfii4ep^-;u 

*> 1 O Opmole (D::^^— PT->v>X(*:7-f S 
#t;50mM'j>K:^hU0Aji^»;S (pH7. 0) 19 

7. 5^ \ \zmm^^t.-mm}&2. su i ^*d^. 9 

5"C-C?5B#rBlJ^I^.$-tt/co 7K;^LTJ^Jr^^ff±tfc'^. 

^^^^fLfcc g^^p°p (1) . (2) ai/ (3) liSflS 
$^lfcpH7. O. 9 5*'ClCj3t^T-a.-P-x>v>3l 



(10) ^^^^#^3^7-2 9 8 8 8 1 



[0042] ( 3 ) SJgSJS 

is^^Tofzo mmm^u (d . (2) ^i/ o) i^as 

(C^x-rcfc3lC;lilS$;tx/r p H 7. 0(Cfcl>T, 3 7**C- 
9 5**CT'fcofco ESI^^^^iS?, (1) . {2) RIS 

(3) (D^issg^-^-nur-feu. mmt^m^^m 
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[sa^ija] 

[0 0 4 8] mm^ : 1 

iS^lJ(D:S* : 204 

iB^ijcDS^ : ray K 

^;JS : : [zozn yt):^ :7 g^-t^XCPyrococcus 

fur iosus) 



Met Lys Val Leu Val Thr Gly Phe Glu Pro Phe Gly Gly Glu Lys 

15 10 15 

lie Asn Pro Thr Glu Arg lie Ala Lys Asp Leu Asp Gly lie Lys 

20 25 30 

lie Gly Asp Ala Gin Val Phe Gly Arg Val Leu Pro Val Val Phe 

35 40 45 

Gly Lys Ala Lys Glu Val Leu Glu Lys Thr Leu Glu Glu Me Lys 

50 55 60 

Pro Asp lie Ala He His Val Gly Leu Ala Pro Gly Arg Ser Ala 

65 70 75 

I le Ser I le Glu Arg I le Ala Val Asn Ala I le Asp Ala Arg I le 

80 85 90 



(11) 



7-29 8 8 8 1 



Pro Asp Asn Glu 61 y Lys Lys 
95 

Gly Ala Pro Thr Ala Tyr Phe 
110 

Met Lys Lys Leu His Glu Arg 
125 

Ser Ala Gly Leu Tyr Leu Cys 
140 

His His Ser Ala Thr Lys Gly 
155 

His Val Pro Tyr lie Pro Glu 

170 

Gly Gin Val Pro Pro Ser Met 
185 

Val Lys Val Ala lie Glu Val 
200 



[0049 



: 639 



I le Glu Asp Glu Pro I le Val Pro 

100 105 
Ser Thr Leu Pro lie Lys Lys He 

115 120 
Gly I le Pro Ala Tyr 1 le Ser Asn 

130 135 
Asn Tyr' Val Met Tyr Leu Ser Leu 

145 150 
Tyr Pro Lys Met Ser Gly Phe Me 

160 165 
Gin lie He Asp Lys He Gly Lys 

175 180 
Cys Tyr Glu Met Glu Leu Glu Ala 

190 195 

Ala Leu 

iS^yoMIl : genomic DNA 
/N^/K-fe^^ :^;uia^iJ : NO 
7>^-tr>X : NO 

fur iosus) 



37 U (Pyrococcus 



[O G 5 O 

m(D^ : ::: 



ATGAAAGTAT TAGTTAGCGG GTTTGAGCC6 
AGAATA6CAA AGGATCTTGA CGGGATTAAG 
GTCCCAGTGG TCTTTG6GAA AGCCAAG6AA 
CCAGACATAG CAATTCATGT GGGATTGGGC 
ATAGGGGTCA ATGCTATT6A GGCTAGAATT 
GAGGCAATAG TCGCAG6AGC CGCAAGGGCG 
ATGAAGAAGT TACACGAAAG AG6AATTCCC 
CTCTGCAACT ACGTTATGTA CCTAAGGCTC 
ATGA6CGGAT TTATACACGT CCCTTAGATC 
GGCCAA6TGC CTCCAAGCAT GTGCTAT6AG 
GAGGTTGCGC TCGACCTGGA GGCATGCAAG 
1 le^iJS^ : 3 
: 730 

mm 



TTT6GAGGA6 AGAAAATTAA CCCCACCGAA 60 

ATTGGAGATG CCCAAGTATT TGG6AGAGTC 120 

GTATT6GAGA AAACATTAGA G6AGATAAA6 180 

CGAGGAA6GA GCGCAATAAG TATAGAGAGG 240 

CCGGATAATG AAGGGAAGAA GATTGA6GAC 300 

TATTTCTCTA CACTTCCAAT AAAGAAGATC 360 

GGTTACATCT GAAACTCCGC TGGACTTTAT 420 

CATCACTCAG CGACTAAAG6 ATATCCAAAG 480 

GCA6A6CAGA TCATAGATAA 6ATAGGGAAG 540 

ATGGA6CTTG AAGCTGTTAA A6TAGCGATA 600 

CTTGGCACT 639 

IB^iJcDfiH : genomic DNA 

/x-r^K-fe^^ :^>'He?«J : NO 

T>5^-t >X : NO 

^B3S : : tfaz^ytiT. 37 U (Pyroooccus 
fur iosus) 



GAGCTCGGTC 
AAGGTTGTTA 
AAGTATTAGT 
TAGCAAAGGA 
CAGT6GTCTT 
ACATAGGAAT 
CCGTGAATGC 
CAATAGTCCC 
A6AAGTTACA 
GCAACTAC6T 
6CG6ATTTAT 



AC6GTTATTT 
GAAAA6ATGG 
TACCGGGTTT 
TCTTGACGGG 
TGGGAAAGCC 
TGATGTGG6A 
TATTGACGCT 
AG6A6CCCCA 
C6AAAGAGGA 
TATGTACCTA 
ACAGGTCCCT 



CTTTGTTGGA 
GA6GGTAGTT 
GAGCCGTTTG 
ATTAA6ATTG 
AA6GAAGTAT 
TTG6CCCCAG 
AGAATTCCGG 
ACGGCGTATT 
ATTCCCGCTT 
AGCCTCCATC 
TACATCCCAG 



GAAACACAAA 
TGGGAAAGCA 
GAGGAGAGAA 
GAGATGCCCA 
TGGAGAAAAC 
GAAGGAGCGC 
ATAATGAAG6 
TCTCTACACT 
ACATCTCAAA 
ACTCAGCGAC 
AGCAGATCAT 



TTCCGTATCA 
GGAAGAGGGG 
AATTAACCCC 
AGTATTTGGG 
ATTAGA6GAG 
AATAAGTATA 
GAA6AAGATT 
TCCAATAAAG 
CTCCGCTGGA 
TAAA6GATAT 
AGATAA6ATA 



TAGGATACTT 
6TTAAAATGA 
ACCGAAAGAA 
AGAGTCCTCC 
ATAAAGCCAG 
GAGAGGATAG 
GAGGAGGAGC 
AA6ATCATGA 
CTTTATGTCT 
CCAAA6ATGA 
GGGAAGGGCC 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 



(12) ^^t#SfW7-2 9 8 8 8 1 



AAGTGCCTCC AAGCAT6TGC TAT6A6ATGG AGCTT6AAGG TGTTAAAGTA GGCATAGAGG 720 

TTGGGCTGGA 730 

[005 1] lB?iJS-§- : 4 iE^iJO:^^? : 678 

^m<r>^^ : 30 ^^Wm : 

h/KP V— : iWItt iS^iJ(Z)fl?i : genomic DNA 

@E5iJ(DfIli : i&(Di^ik {-^f&Dm ) /N-T/K-tri^^ :^>iHB^iJ : NO 

iS^iJ : 7>5^-tr>X : NO 

GGGGTTAAAT TTAAAGTATT AGTTACCGGG 30 i&M : : t^P i3 X 37 'J ^-^7. (Pyrococcus 

[0052] lE^iJS-^ : 5 fur iosus) 

ATGAAAGTAT TAGTTACCGG GTTTGA6CC6 TTTGGAGGAG AGAAAATTAA CCCCACC6AA 60 

A6AATAGCAA AG6ATCTTGA CGGGATTAA6 ATTGGAGATG CCCAAGTATT TGGGAGAGTC 120 

CTCGGAGTGG TCTTTGGGAA A6CCAAGGAA GTATTGGAGA AAACATTAGA GGAGATAAAG 180 

CCAGACATAG CAATTCAT6T GG6ATTG6CC CCAG6AAGGA GCGCAATAAG TATA6A6AGG 240 

ATAGCCGTCA ATGCTATT6A CGCTAGAATT CCGGATAATG AAGGGAAGAA 6ATT6AGGAC 300 

GAGCCAATAG TCCCAGGAGC CCCAACGGCG TATTTGTCTA CACTTCCAAT AAA6AA6ATC 360 

AT6AAGAAGT TAGACGAAAG A66AATTCCC GCTTACATCT CAAACTCCGC TG6ACTTTAT 420 

CTCTGCAACT ACGTTATGTA CCTAAGCCTC CATCACTCAG C6ACTAAAGG ATATCCAAAG 480 

AT6AGCGGAT TTATACACGT CCCTTACATC CCAGAGCAGA TCATAGATAA GATA6GGAAG 540 

6GCCAAGTGC CTCCAAGCAT GTGCTATGAG ATG6AGCTTG AA6CTGTTAA AGTAGCCATA 600 

6AGGTTGCGC TC6AGGAGTT GTTATGAGAG CCAAAATAGC TGTA6TCCTA ATTTTATTTC 660 

TCTTCTTTAG TGGGT6GA 678 

[00 5 3] lE^iJS-^ : 6 IfiJ'JCDfili : ^Zf"^ \^ 

IH^iJCDg* : 208 f^M : 

le^iJCDiS : T^yM : tf P I] * X y ir^T^ (Pyrococcus fur ios 

laOSfe : us) 
h/KPv- : EM« 

iS^U : 

Met Lys Val Leu Val Thr Gly Phe Glu Pro Phe Gly Gly Glu Lys 

15 10 15 

lie Asn Pro Thr Glu Arg lie Ala Lys Asp Leu Asp Gly He Lys 

20 25 30 

lie Gly Asp Ala Gin Val Phe Gly Arg Val Leu Pro Val Val Phe 

35 40 45 

Gly Lys Ala Lys Glu Val Leu Glu Lys Thr Leu Glu Glu lie Lys 

50 55 60 

Pro Asp lie Ala He His Val Gly Leu Ala Pro Gly Arg Ser Ala 

65 70 75 

He Ser He Glu Arg He Ala Val Asn Ala He Asp Ala Arg He 

80 85 90 

Pro Asp Asn Glu Gly Lys Lys He Glu Asp Glu Pro He Val Pro 

95 100 105 

Gly Ala Pro Thr Ala Tyr Phe Ser Thr Leu Pro He Lys Lys He 

110 115 120 
Met Lys Lys Leu His Glu Arg Gly He Pro Ala Tyr He Ser Asn 

125 130 135 

Ser Ala Gly Leu Tyr Leu Cys Asn Tyr Val Met Tyr Leu Ser Leu 

140 145 150 



(13) 



f#ga¥7 -2 9 8 8 8 1 



His His Ser Ala Thr Lys Gly Tyr 
155 

His Val Pro Tyr Me Pro Glu Gin 
170 

Gly Gin Val Pro Pro Ser Met Cys 
185 

Val Lys Val Ala I le Glu Val Ala 
200 

[El 1 ] ::^^x a K p p G p 1 (D%mMmitm'^ij^tm 

[El 2] Kp PGP 2<D*iJK»^±feig^^-rEl 

[0 3] y =7 :^ ^ PGP 3(D%mmmiiiim^7r:t'm 
[El 4] zf^x^ PGP eommMmf&m^TTi'rm 

o 

[El 5] Z^^T.^ \^pPGP7<DUfSimmi&m^7r:'tm 



Pro Lys Met Ser Gly Phe II e 

160 165 

lie lie Asp Lys lie Gly Lys 

175 180 

Tyr Glu Met Glu Leu Glu Ala 

190 195 

Leu Glu Glu Leu Leu 

205 

[E161 Kp PG P 8CD*JRgP^±feEl^^-rEl 
imi} Kp PGP9(D*i]ISB*tteil^^-rEi 

»^^gq°p (DSJi;gJg ^ El fc ^ c 
[Ell 0] *S!0^(D»^^p°BO;SSSStt^^-rElT-fe 

[Ell 1] *^0-9(DPm=sa<Dp HSSlt^^-rEir-fe 
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(14) 
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[114] 



AccM 
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Am 
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^xhou 
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[117] 
(NcoU 
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